1. Introduction {#sec1-ijerph-17-02350}
===============

Researchers in sport performance and talent identification are becoming increasingly focused on the study of sport-specific characteristics and requirements \[[@B1-ijerph-17-02350]\]. Handball is characterized by requiring repeated accelerations, sprints, jumps, rapid changes of direction, a large number of throws, and frequent body contact between players \[[@B2-ijerph-17-02350],[@B3-ijerph-17-02350],[@B4-ijerph-17-02350]\]. In order to be successful, regular actions such as feints, shots, and entrances have to be carried out with maximum intensity \[[@B5-ijerph-17-02350]\]. In handball youths, annual age-grouping is a widely used strategy to divide athletes into categories based on their date of birth. Therefore, depending on the age category, handball performance could be influenced by the evolution of age itself, of body composition, and the evolution of technical skills, tactical understanding, and physical abilities \[[@B6-ijerph-17-02350]\].

To date, different studies have evaluated different qualities considered to be decisive in handball youths, such as strength, power, speed, and agility, as well as high-intensity intermittent aerobic training \[[@B6-ijerph-17-02350],[@B7-ijerph-17-02350],[@B8-ijerph-17-02350],[@B9-ijerph-17-02350],[@B10-ijerph-17-02350]\]. In this line, previous studies were focused on the influence of biological maturation, anthropometry, and physical performance on different game positions \[[@B6-ijerph-17-02350],[@B8-ijerph-17-02350],[@B9-ijerph-17-02350],[@B11-ijerph-17-02350],[@B12-ijerph-17-02350]\], as well as their evolution in elite and non-elite handball youths throughout a sports season \[[@B13-ijerph-17-02350]\]. A recent study \[[@B6-ijerph-17-02350]\] underlined the progressive age-related development of factors influencing performance throughout adolescence, indicating the importance of age-categorized competition in handball until at least the age of 19. In addition, elite and non-elite players were shown to be controlled by maturity status, and large positive changes were proven in anthropometry and physical performance (strength and speed), especially in the younger age categories \[[@B9-ijerph-17-02350]\]. The lack of significant effects reveals that elite players did not improve their physical performance level more rapidly during the three years of this study than the non-elite players \[[@B13-ijerph-17-02350]\]. At present, there are still some concerns regarding the physical performance of young handball players and how body composition, namely, lean mass and fat mass, may differently enhance physical performance, especially from the beginning of their sports specialization stage.

As mentioned above, anthropometric characteristics have been shown to be decisive in youth and adult team handball \[[@B6-ijerph-17-02350],[@B12-ijerph-17-02350],[@B14-ijerph-17-02350]\]. Traditionally, body mass index (BMI) and indirect fat mass calculation are used to assess body composition in handball youths, but due to the limitations of this parameter (i.e., BMI correlates not only with fat mass but also with lean mass; moreover, BMI gives no indication of body fat distribution), in recent years, there has been a need for more precise techniques \[[@B15-ijerph-17-02350]\]. Although the most recent research \[[@B6-ijerph-17-02350],[@B7-ijerph-17-02350]\] showed a relationship between the performance of both upper and lower limb strength and the majority of the anthropometric characteristics of male handball players (body mass, height, or indirect fat percentage calculation), there are no studies that analyze the different body compartments with more precise techniques, such as multi-frequency bioelectrical impedance analysis, and their influence on each one of the analyzed abilities. Therefore, a more comprehensive understanding about lean mass and fat mass predominance from the beginning of handball specialization is necessary, determining the mediation effect of age category on the relationship between body composition and physical performance.

The present investigation aimed (1) to determine the differences in body composition (lean body mass or fat mass) and the physical and physiological profile of handball youths across age categories, and (2) to analyze the mediation effect of different categories on the relationship between lean mass or fat mass and specific physical handball capacities. Our initial hypotheses were that body composition and physical performance would develop over the age categories, and that the age category would mediate differently the relationship between lean mass and fat mass and the performance-determining physical capacities in young handball players.

2. Materials and Methods {#sec2-ijerph-17-02350}
========================

2.1. Subjects {#sec2dot1-ijerph-17-02350}
-------------

The present study enrolled a total of 54 male handball players aged 13--18 from Pedro Alonso Niño Handball Club located in the Huelva region. The 54 players were divided into three different categories by birth year: the youngest group was born in 2005--2006 and played in the 13--14-year-old category (U14), the second group was born in 2003--2004 and played in the 15--16-year-old category (U16), and the oldest group was born in 2001--2002 and played in the 17--18-year-old category (U18). Handball players were matched and competed by chronological age according to the Handball Federation rules. All players were in good health and passed a medical examination before starting their handball season. Measurements were taken during the competitive phase of the handball season. During this period, the training volume for the players consisted of 6.2 ± 2.1 h/week, which included integrated conditioning exercises in addition to weekend matches. All players and coaches from the different categories were previously informed, and informed parental consent and player assent were obtained. The procedures followed the rules established by the Declaration of Helsinki. The present research was approved by the Research Ethics Committee of the University of Huelva.

2.2. Measurements {#sec2dot2-ijerph-17-02350}
-----------------

A multidimensional test battery was used, including general as well as handball-specific tests. The tests consisted of body composition and anthropometrical determination, and physical fitness tests were included as part of their respective training periodization. All measurements were taken in the Sports Science Lab located in the Department of Sport Sciences at the University of Huelva. Physical assessment consisted of a lower and upper limp strength test, speed-agility tests, and a cardiorespiratory endurance test for each participant. All players were scheduled over three consecutive training days to take the different measurements without negative inferences between the performance tests. All of the subjects from the same handball team were called to perform the tests at the same time and on the same day. The measurement protocol schedule was: Monday, body composition and anthropometric determination and 30-m shuttle run test; Wednesday, dynamometry tests and Bosco test; and Thursday, agility T-test and Yo-Yo intermittent recovery test level 1.

2.3. Body Composition and Anthropometric Measurements {#sec2dot3-ijerph-17-02350}
-----------------------------------------------------

Height was determined with a stadiometer (0.1 cm, Secca 220, Spain). While this was done, players remained static in an anatomical position with their heels together. The highest point of their head was taken as a reference, with their hair remaining compressed. Body composition measurements were taken by multi-frequency bioelectrical impedance (Inbody 230 Multi-frequency Segmental Body Composition Analyzer, Barcelona, Spain). Subjects were placed barefoot in an anatomical position with their hands and feet on the electrodes, wearing light clothes and without metallic accessories (0.1 kg, Inbody 230, Barcelona, Spain). This position was maintained until the evaluator finished the test. The analyzer complied with the applicable European standards (93/42EEC, 90/384EEC) for use in the medical industry. The impedance between the body segments was measured while an alternating current (50 kHz, 90 mA) passed through the lower and upper body. Participants were informed in advance of the conditions that had to be sustained prior to measurement: no alcohol for at least 24 h before the measurement, no vigorous exercise for at least 12 h prior, no food or drink for at least 3 h prior, and urination immediately before the measurement. All measurements took place at the same time. The following measurements were taken: weight, body mass index, and lean mass and fat mass expressed as a percentage of total fat in the body. Arm span (0.1 cm) was assessed using a measuring tape (the distance between the tips of the longest fingers on each hand when both arms are extended laterally and maximally to shoulder height, with the subject's back against the wall and palms facing forwards). The same researcher took all anthropometric measurements during the anthropometrical determination.

2.4. Physical--Physiological Profile Determination {#sec2dot4-ijerph-17-02350}
--------------------------------------------------

The physical fitness measurements consisted of specific tests assessing lower and upper limb strength, speed and agility, and cardiorespiratory fitness \[[@B9-ijerph-17-02350],[@B13-ijerph-17-02350],[@B16-ijerph-17-02350],[@B17-ijerph-17-02350]\].

Strength measurements. To assess upper limb strength, a handgrip strength test was performed bilaterally using a TKK5101 Grip D-class III dynamometer (Takey, Tokyo, Japan), accurate to 0.1 kg and complying with standardization standards \[[@B18-ijerph-17-02350]\]. Each participant performed the test twice with each hand (right and left, alternatively), with 1 min of rest between trials. Participants were instructed to gradually and continuously squeeze for at least 2 s, standing throughout the whole test, keeping their arm straight and avoiding touching the dynamometer with any part of their body, with the exception of the hand being measured. Subjects were encouraged to do their best when performing the tests.

To assess the strength of the lower limbs, the Bosco test was performed, evaluating three different jumps: squat jump (SJ), countermovement jump (CMJ), and Abalakov jump (ABK) (ChronoJump, Boscosystem®, Barcelona, Spain) \[[@B19-ijerph-17-02350]\]. Prior to testing, all participants underwent a standardized 5-min warm-up consisting of submaximal plyometric and skipping exercises. Participants were familiarized with the test procedures and performed three jump trials for each jump type. Afterwards, two maximal jumps of each type were recorded with 30 s of rest between them. The attempt in which the greatest jump length or height was obtained was taken for further analysis. For the SJ, the player adopted a static position with a maintained knee flexion of 90° from which they ascended vertically without any type of countermovement, making a maximum vertical jump. The hands had to be placed on the hips and kept in this position during the whole jump. For the CMJ, players started from standing position and were instructed to begin the jump with a downward movement which was immediately followed by a concentric upward movement, resulting in a maximal vertical jump. The hands had to be placed on the hips and kept in this position during the whole jump. For the ABK, the same procedure as for the CMJ was applied, but this test was performed with a full arm swing. Strong verbal encouragement was provided during all tests to motivate participants to make maximal effort.

2.5. Speed and Coordination Measurements {#sec2dot5-ijerph-17-02350}
----------------------------------------

Speed and coordination characteristics were evaluated by a 30-m shuttle run and agility T-test, respectively (ChronoJump, Boscosystem®, Barcelona, Spain). For the test, three photoelectric cells were located at 0, 5, and 30 m that recorded the player's path at these determined distances. Acceleration speed and displacement speeds were measured. Acceleration was determined by the average speed between the starting cell and the first cell at 5 m. Displacement speed was determined by the average speed between starting point cell and the 30 m cell. Each player started from a standing position, with the front foot 0.2 m from the first photocell beam. Two separate attempts were performed with a recovery time of 120 s between them. The best attempt was used for the analysis.

Handball agility/coordination was tested with a previously validated handball-specific modified version of the T-test \[[@B20-ijerph-17-02350]\]. The modified T-test combined short forward and backward lateral movements over a total distance of 20 m, simulating defensive movements that are characteristic in the sport of handball. Before testing, subjects completed a 5-min warm-up, including jogging and lateral displacements. All subjects performed each test with at least 3 min of rest between trials to ensure adequate recovery. Two photoelectric cells were placed at the starting line and at the finish line. The best attempt was used for the analysis.

2.6. Endurance Performance Measurements {#sec2dot6-ijerph-17-02350}
---------------------------------------

To assess intermittent endurance performance, the players completed the Yo-Yo intermittent recovery test level 1 (Yo-Yo IR1) \[[@B21-ijerph-17-02350]\]. The Yo-Yo IR1 consists of repeated 2 x 20-m runs back and forth between the starting, turning, and finishing lines at a progressively increased speed controlled by audio bleeps from a tape recorder. Between each run, the subjects have a 10-s active rest period consisting of 2 x 5 m of jogging. When the subjects failed to reach the finishing line in time twice, the distance covered was recorded and represented the test result. Before the test, all subjects completed a warm-up period consisting of the first four runs in the test. All subjects were familiarized with the test using at least one pre-test. This test has been shown to have a high reproducibility for athletes in intermittent sports (coefficient of variation = 5%) \[[@B21-ijerph-17-02350]\].

2.7. Statistics {#sec2dot7-ijerph-17-02350}
---------------

Data were analyzed using SPSS 25.0 for Windows (SPSS Inc. Chicago, IL, USA) and are expressed as mean values and standard deviation for the descriptive analysis. The standardizing of the variables was carried out using the Shapiro--Wilk test with Lilliefors correction. Homoscedasticity was determined with the Levene test. A one-way ANOVA test was performed to compare the differences across the three handball age categories. The effect sizes between categories were calculated using Cohen's d, and the effect sizes were interpreted as small (d = 0.2 and 0.5), moderate (d = 0.5 and 0.8), and large (d \> 0.8), with effect sizes inferior to 0.2 considered trivial \[[@B22-ijerph-17-02350]\]. The level of significance was set at 0.05. The independence among physical--physiological anthropometrical characteristics (upper and lower limb strength, motor and cardiorespiratory ability) by category was verified with Pearson correlations, and variance inflation factors were explored to identify evidence of multicollinearity. Simple mediation analyses were performed by age category using the macro PROCESS developed by Hayes \[[@B23-ijerph-17-02350]\] with a bootstrap threshold of 10,000 and model 4. If zero was not included in the 95% confidence interval (CI) of the estimate, we concluded that the indirect effect (IE) was statistically significant. In this way, we confirmed whether the category mediates the relationship between lean body mass and fat mass, both separately, and the different factors created in the physiological profile of the handball athletes. A total of five factors were created, each one being formed by the combination of the results obtained in different tests. Upper limb strength integrated the mean values from the bilateral handgrip. Lower limb strength was formed by combining the height for the three types of jumps (SJ, CMJ, and ABK). In terms of speed (s) and agility (s), the former was determined by the values from the 30-m test, while agility was established through the run time of the T-test for further analysis. Finally, VO~2~ max consisted of the results obtained in the Yo-Yo IR1. The standardized (β) and unstandardized (B) regression coefficients are presented for four equations: (a) the equation that regressed the mediator (age category) on the independent variable (lean mass or fat mass), (b) the equation that regressed the dependent variable (physical performance: upper limb strength, lower limb strength, velocity, agility T-test and VO~2~ max) and the mediator, (c) the equation that regressed the independent variable and the dependent variable, and finally (d) the equation that regressed the IE of the mediator (age category) on the relationship between the independent variable (lean mass or fat mass) and the dependent variable (physical performance).

3. Results {#sec3-ijerph-17-02350}
==========

[Table 1](#ijerph-17-02350-t001){ref-type="table"} shows the results of the one-way ANOVA analyses used to explore the differences between anthropometrical characteristics by category. No significant differences were observed according to category for the majority of the measured parameters, except for age, height, lean body mass, and arm span. Lean body mass increased significantly as player age category increased (*p* \< 0.05; **∆** = 4.66--9.38; effect size (ES) = 0.96--1.92).

[Table 2](#ijerph-17-02350-t002){ref-type="table"} shows the results of the comparative analysis for the physical--physiological profile according to category. With regard to upper and lower limb strength, handball players showed significant differences (*p* \< 0.05) between the three categories in both the right and left handgrip, as well as the SJ, CMJ, and ABK. For handgrip strength, the U18 category showed the highest values (40.5 ± 6.69 and 35.9 ± 7.12 for right and left handgrip, respectively; ES = 1.04--1.97). In both the SJ and CMJ, significant differences were observed among all three categories in relation to jump height and power, with significant differences being found between U18 vs. U14 and U18 vs. U16. For the ABK, significant differences in jump height were found between the U18 vs. U14 and U18 vs. U16 categories. In contrast, significant differences were only found between U18 vs. U14 with respect to jumping power.

The speed and coordination characteristics of the handball players were assessed using the 30-m shuttle run and agility T-tests. In both speed and agility tests, players' coordination and velocity improved as the category increased (*p* \< 0.05). However, no significant differences were found between the U18 vs. U16 categories. More specifically, in the T-test, significant differences were obtained between the U18 vs. U14 and U18 vs. U16 categories for both the completion time (*p* \< 0.05; **∆** = 0.31--0.52; ES = 1.27--2.24) and the speed (*p* \< 0.05; **∆** = 1.08--1.72; ES = 1.28--2.11) reached by the subjects. Similarly, the results regarding the 30-m speed test showed that, as age increased, the speed reached by the players was greater (*p* \< 0.05) for both the global test and for the test over 5-m and 25-m sections.

Finally, the Yo-Yo IR1 test was performed to determine the players' aerobic capacity. The results of the test showed an increase in aerobic capacity as the age category increased. It is worth highlighting that there were significant differences between the U18 vs. U14 and U18 vs. U16 categories in all of the measured parameters.

[Table 3](#ijerph-17-02350-t003){ref-type="table"} shows the matrix correlations for the relationship between anthropometrical characteristics and the physical--physiological profile by category. In relation to the bivariate correlation analysis for the U14 category, all anthropometric variables were positively correlated with jump power (SJ and CMJ) (r = 0.703--0.953; all *p* \< 0.001). However, weight, BMI, and fat percentage were negatively associated with jump height (SJ, CMJ, and ABK) (r = −0.465 to −0.777; all *p* \< 0.001). For the speed and agility/coordination tests, weight, BMI, and fat percentage were negatively associated with speed (r = −0.391 to −0.548; all *p* \< 0.05) and positively associated with time. Likewise, weight, BMI, and fat percentage were negatively associated with the number of laps and VO~2~ max (r = −0.596 to −0.818; all *p* \< 0.05). Regarding U16, height, lean mass, and arm span were positively correlated with handgrip in both hands (r = 0.590--0.815; *p* \< 0.05). Similarly, body mass, BMI, and lean mass were positively correlated with jump height (SJ and CMJ) (r = 0.626--0.656; *p* \< 0.001). For the speed test, fat percentage was negatively associated with speed and positively associated with time (r = 0.659; *p* \< 0.05). Finally, in the U18 category, a positive correlation was found between right handgrip and weight, BMI, and lean mass (r = 0.597--0.673; *p* \< 0.05). Moreover, CMJ power was positively correlated with BMI (r = 0.556; *p* \< 0.05) and there was a negative correlation between fat mass and 30-m speed (r = −0.801; *p* \< 0.05). The correlation analyses in all samples indicated that age was positively correlated with better scores for all physical--physiological parameters. Additionally, greater lean mass was positively correlated with better scores for all physical condition tests (r = 0.350--0.849; all *p* \< 0.001). However, a higher fat percentage negatively influenced lower limb strength, speed, agility/coordination, and cardiorespiratory tests (r = --0.554 to --0.676; all *p* \< 0.001).

[Figure 1](#ijerph-17-02350-f001){ref-type="fig"} illustrates the results of the bootstrapped mediation analysis to determine whether handball category mediates the relationship between lean mass or fat mass scores and the physical--physiological profile of youths. Regarding the mediation effect of category on lean mass and the physical--physiological profile, in the first regression equation (a), lean mass was positively linked to category (β = 0.63--0.69; *p* \< 0.05). Moreover, the second equation (b) for category and the different physical--physiological dimensions showed a direct correlation with upper and lower limb strength (β = 0.23--0.69; *p* \< 0.05) and cardiorespiratory fitness (β = 0.61; *p* \< 0.05), and was negatively associated with time in the speed and agility tests (β = −0.57 to −0.62; *p* \< 0.05). Additionally, the bootstrapped CIs for the indirect effect suggest that handball category mediated the relationship between lean mass and all physical capacities ([Figure 1](#ijerph-17-02350-f001){ref-type="fig"}A), and 74.91%, 48.33%, 55.25%, 56.10%, and 29.96% of the total effect was accounted for by upper and lower limb strength, velocity, agility, and cardiorespiratory fitness, respectively. The category showed a greater indirect effect on the relationship between lean mass and lower body strength (standardized indirect effect β = 0.44; SE = 0.09; 95% CI = 0.26, 0.64). In relation to the effect the category had on fat mass and the physical--physiological profile, in the first regression equation (a), fat mass was negatively related to agility and cardiorespiratory fitness (β = −0.27 to −0.31; *p* \< 0.05). The second equation (b) for handball category and physical capacities showed a direct correlation with upper and lower limb strength (β = 0.59--0.69; *p* \< 0.05), as well as cardiorespiratory fitness (β = 0.39; *p* \< 0.05), and was negatively related to time in the speed and agility tests (β = −0.48 to −0.63; *p* \< 0.05). Finally, the bootstrapped CIs for the indirect effect suggest that handball category mediated the relationship between fat mass in both agility (standardized indirect effect β = 0.20; SE = 0.07; 95% CI = 0.03, 0.32) and cardiorespiratory capacity (standardized indirect effect β = −0.10; SE = 0.06; 95% CI = −0.23, −0.01) ([Figure 1](#ijerph-17-02350-f001){ref-type="fig"}B), and 28.30% and 41.62% of the total effect was accounted for agility and cardiorespiratory fitness, respectively.

4. Discussion {#sec4-ijerph-17-02350}
=============

In recent years, studies have noted the importance of assessing the physical performance of young handball players from different countries and the influence of age, maturity status, and anthropometric characteristics upon their performance \[[@B6-ijerph-17-02350],[@B7-ijerph-17-02350],[@B8-ijerph-17-02350],[@B9-ijerph-17-02350],[@B10-ijerph-17-02350],[@B13-ijerph-17-02350],[@B24-ijerph-17-02350]\]; however, the study of lean mass and its direct influence on physical performance is limited to date. To our knowledge, there are no studies that evaluate the mediating effect of body composition through lean mass and fat mass on the different physical qualities that a handball player requires. The present study initially aimed to determine the differences in body composition through lean body mass and fat mass and the physical and physiological profile of handball youths across age categories. One of our main findings showed a progressive increase in all body composition parameters, mainly influenced by age, except for lean mass, which remained statistically significant when age-adjusted and compared by category. Additionally, the comparative analysis of physical performance between categories showed an improvement in strength, speed, agility, and cardiorespiratory capacity as the category increased, especially when comparing U14 with U16 and U18. These differences were reduced or not appreciable for speed, agility, or cardiorespiratory fitness when comparing categories U16 and U18. As a novelty, the present study examined the indirect effect of category mediation on the relationship between lean mass or fat mass and the physical fitness profile of handball youths. It is important to highlight that the category had an indirect mediating effect on the relationship between lean mass and physical performance measured through upper and lower body strength, speed, agility, and cardio-respiratory fitness. In contrast, in relation to fat mass and its effect on different physical capacities, the only mediating effects observed for the category were for agility and cardio-respiratory capacity. Therefore, these results demonstrate a greater usefulness of the analysis of lean mass even over fat mass, given the greater association with physical performance.

The importance in determining body composition is a key factor in the characterization of a specific anthropometrical profile in both young and adult handball athletes. Several studies have paid special attention to determining their relationship based on age or biological maturity \[[@B7-ijerph-17-02350],[@B8-ijerph-17-02350],[@B9-ijerph-17-02350]\], specific positions \[[@B12-ijerph-17-02350]\], and game level in handball youths \[[@B13-ijerph-17-02350]\]. In a similar population, Matthys et al. \[[@B9-ijerph-17-02350]\] evaluated handball youths from the U14, U15, and U18 categories, distinguishing them according to elite and non-elite levels. Our handball youths showed similar results to their non-elite players in anthropometrical parameters such as height, weight, fat percentage, and arm span, with our results being slightly below their elite youth \[[@B13-ijerph-17-02350],[@B16-ijerph-17-02350]\]. Specifically, they found a direct relationship between biological maturation and all anthropometrical characteristics except body fat, and two more studies \[[@B25-ijerph-17-02350],[@B26-ijerph-17-02350]\] verified this relative age-dependent effect in young elite handball athletes. In our study, when analyzing body composition by categories and after age adjustment, we observed that many of the differences disappeared, except for lean mass. This would mean that age is not the only determining factor in these players' body composition, but that category demands may also have an impact on body composition, although less than the age-promoted effects. In accordance with this, a recent study \[[@B6-ijerph-17-02350]\] observed that marked differences in both anthropometric characteristics and physical performance between age categories were described by calendar age, suggesting that it may reflect not only the impact of physical growth, but also the accumulation of training, technique, and playing experience.

Handball players should be able to perform repeated high-intensity actions; therefore, a well-developed physical--physiological profile is considered a determinant for handball players. We observed that our players exhibited slightly lower values for all tests performed, except the 30-m sprint test, where our results slightly exceeded those obtained by other studies in similar groups \[[@B9-ijerph-17-02350],[@B13-ijerph-17-02350],[@B16-ijerph-17-02350],[@B17-ijerph-17-02350]\]. Interestingly, we reported similar upper limb strength in our U18 category to that reported by Vila Suárez et al. \[[@B17-ijerph-17-02350]\] in Spanish handball youths from the same category. With respect to lower limb strength, our CMJ and SJ values were similar to the those reported by Ingebrigtsen et al. \[[@B16-ijerph-17-02350]\] in both the U16 and U18 categories, and the ABK value in U14 athletes reported by Camacho-Cardenosa et al. \[[@B10-ijerph-17-02350]\]. As for cardiorespiratory capacity, the values obtained by Camacho-Cardenosa et al. \[[@B10-ijerph-17-02350]\] and Rousanoglou et al. \[[@B12-ijerph-17-02350]\] were higher in the three analyzed categories. Surprisingly, we observed clear differences for VO~2~ max comparison, especially in our U18 category, although the last study mentioned used the 20-m shuttle run test without considering the intermittent activity that handball presents, so its values may have been overestimated. Finally, the results obtained in the T-test revealed a better score compared to lower categories; however, no significant differences were observed between the two upper categories. This confirms that young players do not necessarily increase differences with regard to their physical performance as their specialization stage progresses, so that the highest profits would be at the beginning of the specialization stage, and as specialization progresses, these differences would be reduced between categories. In this line, it has been described that the morphological characteristics also tend to stabilize at the age of 16--17 years, at least in European children \[[@B27-ijerph-17-02350]\].

In handball, young athletes perform better according to their anthropometrics and physiological characteristics \[[@B13-ijerph-17-02350],[@B26-ijerph-17-02350]\]. Although there is an age influence \[[@B28-ijerph-17-02350]\], we have confirmed that greater significant differences in body composition and physical fitness were observed when comparing U14 to the U16 or U18 categories; however, these differences disappeared when comparing U16 to U18, especially in agility/coordination, speed, or cardiorespiratory capacity. To the best of our knowledge, the last two published studies on this topic \[[@B6-ijerph-17-02350],[@B7-ijerph-17-02350]\] still considered anthropometric parameters such as weight, height, BMI, or fat percentage to demonstrate the influence of anthropometrical parameters on physical performance. However, a small number of studies have focused on the potential importance of accessing lean mass in a similar collective \[[@B6-ijerph-17-02350],[@B12-ijerph-17-02350]\]. While in lower categories, fat percentage could be useful due to our univariate associations between fat mass and physical performance in the U14 category ([Table 3](#ijerph-17-02350-t003){ref-type="table"}), this compartment clearly becomes less relevant in higher categories. Even though the scientific literature has shown a clear relationship between some general body composition parameters like height, weight, or BMI and physical qualities such as throwing speed or jump strength capacity \[[@B29-ijerph-17-02350],[@B30-ijerph-17-02350]\], no studies have analyzed the mediation effect of body compartments that could be as relevant for performance as both lean mass or fat mass on the physiological profile by category in young handball players. Interestingly, our study demonstrates that category plays a role as a mediator between lean mass or fat mass and the different physiological capacities in youth handball athletes. In our study, the indirect effect suggests that handball category mediated the relationship between lean mass and all physical capacities, and 74.91%, 48.33%, 55.25%, 56.10%, and 29.96% of the total effect was accounted for by upper and lower limb strength, velocity, agility, and cardiorespiratory fitness, respectively, indicating that this compartment is more relevant even than fat mass. Additionally, fat content showed a mediating effect on important qualities such as agility/coordination and cardiorespiratory fitness. This would mean that as the category increases, this would adversely affect both capabilities. Studies such as that of Granados \[[@B31-ijerph-17-02350]\] observed that greater fat-free mass was linked to a better performance, mainly due to the direct relationship with muscular power and strength. Confirming this, Ortega-Becerra et al. \[[@B7-ijerph-17-02350]\] found that handball youths showed greater throwing velocities, jump height, running sprint capacity, and muscle strength in their upper and lower extremities as their handball performance increased \[[@B7-ijerph-17-02350]\], which emphasizes the importance of evaluating lean mass in these young players.

For future research, it would be interesting to explore the evolution of key body compartments such as lean body mass in conjunction with age or degree of maturity, category, and specific position in the athletes' performance. In this respect, recent studies \[[@B6-ijerph-17-02350]\] have indicated that future research should examine the impact of other anthropometric characteristics, such as chest circumference and the length and volume of the upper limbs. This would be valuable information for coaches, highlighting the need to control, as well as promote, specific strategies for an increase in lean mass in young players. As limitations of this study, taking this research as a reference, it would be interesting for future research to consider a larger sample size within a single category in order to increase the representativeness of the research, and to conduct a longitudinal study to verify how body composition parameters progress and how physical condition is modulated. Other important limitations include the inability to examine the influence of maturity status, playing position, or competitive level. On the other hand, our upper limb strength integrated the mean values from the bilateral handgrip strength capacity; however, a more precise model could also have comprised the muscles involving the shoulders and elbows. Further, a multiple mediation analysis could also be performed where two variables are considered to be mediators. Moreover, it would be interesting to analyze the results obtained over recent years in handball youths to establish possible reference values regarding the physical qualities that determine handball performance according to age category.

5. Conclusions {#sec5-ijerph-17-02350}
==============

To conclude, the results of the present study showed a progressive increase in all body composition parameters, mainly influenced by age, except for lean mass, as well as an improvement in strength, speed, agility, and cardiorespiratory capacity as the category increased. Handball age category presented an indirect mediating effect between lean mass and physical performance measured through upper and lower body strength, speed, agility, and cardio-respiratory fitness. Therefore, these results demonstrate a greater usefulness of the analysis of lean mass over even fat mass, given the greater association with physical performance.
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###### 

Sample characteristics.

  ---------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristics   U14     U16    U18     ∆\            ∆\            ∆\            ES\           ES\           ES\                           
                                           U16 vs. U14   U18 vs. U14   U18 vs. U16   U16 vs. U14   U18 vs. U14   U18 vs. U16                   
  ----------------- ------- ------ ------- ------------- ------------- ------------- ------------- ------------- ------------- ------- ------- ------
  Age (years)       13.7    0.48   15.1    0.32          17.1          0.57          1.42 ^b^      3.37 ^b^      1.97 ^b^      3.43    6.50    4.40

  Height (m)        1.61    0.09   1.72    0.05          1.75          0.07          0.11 ^b^      0.13 ^b^      0.02          1.14    1.72    0.46

  Body mass (kg)    60.6    15.5   63.5    10.6          70.0          11.2          2.93          9.34          6.40          0.22    0.69    0.60

  BMI (kg·m2-1)     23.0    4.52   21.3    3.05          22.8          3.01          −1.66         −0.20         1.45          −0.44   −0.05   0.50

  Lean mass (kg)    24.6    4.74   29.3    4.78          34.0          5.08          4.71 ^a^      9.38 ^b^      4.66 ^a^      0.99    1.92    0.96

  Fat mass (%)      16.2    9.81   11.2    8.71          10.1          5.29          −5.00         −6.04         −1.03         0.54    0.76    0.15

  Arm span (cm)     154.0   38.6   174.9   9.04          173.2         8.14          20.8 ^a^      19.1          −1.72         0.74    0.66    0.21
  ---------------------------------------------------------------------------------------------------------------------------------------------------

Data are mean ± standard deviation (SD). U14, between 13 and 14 years (*n* = 19); U16, between 15 and 16 years (*n* = 18); U18, between 17 and 18 years (*n* = 16). BMI: Body mass index; ES: Effect size. Statistically significant differences by category: a = *p* \< 0.05; b = *p* \< 0.001.
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###### 

Comparative analysis of the physiological profile of the players by category.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                   U14      U16      U18      ∆\            ∆\            ∆\            ES\           ES\           ES\                         
                                                              U16 vs. U14   U18 vs. U14   U18 vs. U16   U16 vs. U14   U18 vs. U14   U18 vs. U16                 
  -------------------------------- -------- -------- -------- ------------- ------------- ------------- ------------- ------------- ------------- ------ ------ ------
  **Upper limb strength**                                                                                                                                       

  Handgrip Right (kg)              27.4     6.60     34.3     5.41          40.5          6.69          6.91 ^b^      13.0 ^c^      6.13 ^a^      1.14   1.97   1.04

  Handgrip Left (kg)               25.1     6.17     31.0     6.19          35.9          7.12          5.91 ^a^      10.8 ^c^      4.86          0.96   1.64   0.74

  **Lower limb strength**                                                                                                                                       

  SJ Height (cm)                   21.3     5.36     26.4     4.28          32.8          6.92          5.10 ^a^      11.5 ^c^      6.37 ^b^      1.04   1.89   1.12

  SJ Power (W)                     1888.5   514.2    2281.0   667.1         2994.8        734.1         392.5         1106.3 ^c^    713.8 ^a^     0.65   1.75   1.02

  CMJ Height (cm)                  24.0     5.29     29.0     4.75          34.8          6.13          4.97 ^a^      10.9 ^c^      5.90 ^a^      0.99   1.90   1.06

  CMJ Power (W)                    2066.9   591.5    2467.7   657.0         3109.1        674.3         400.8         1042.1 ^c^    641.3 ^a^     0.64   1.64   0.96

  ABK Height (cm)                  28.5     5.35     32.2     5.50          40.0          5.72          3.71          11.5 ^c^      7.78 ^c^      0.68   2.08   1.39

  ABK Power (W)                    1891.1   1134.7   2270.0   1324.7        3062.8        1334.7        378.9         1171.7 ^a^    792.8         0.68   2.09   1.38

  **Agility/coordination**                                                                                                                                      

  Time (s)                         10.19    0.95     9.11     0.74          8.47          0.52          1.08 ^a^      1.72 ^a^      0.64          1.28   2.11   0.95

  Velocity (m·s-1)                 2.64     0.25     2.94     0.24          2.87          0.97          0.31 ^a^      0.52 ^a^      0.21          1.27   2.24   0.93

  **Velocity**                                                                                                                                                  

  Total Time 30 m (s)              5.20     0.39     4.52     0.40          4.35          0.18          −0.63 ^c^     −0.80 ^c^     −0.17         1.60   2.50   0.54

  Total Velocity 30 m (m·s-1)      5.9      0.45     6.69     0.64          6.91          0.31          0.83 ^c^      1.05 ^c^      0.22          1.53   2.64   0.43

  Time 5 m (s)                     1.20     0.16     1.06     0.08          1.06          0.07          −0.15 ^c^     −0.15 ^b^     0.00          1.15   1.15   0.00

  Velocity 5 m (m·s-1)             4.2      0.47     4.75     0.36          4.74          0.31          0.56 ^c^      0.55 ^c^      −0.01         1.32   1.34   0.03

  Time 25 m (s)                    3.9      0.44     3.46     0.39          3.29          0.15          −0.42 ^b^     −0.59 ^c^     −0.17         1.00   0.73   0.20

  Velocity 25 m (m·s-1)            6.5      0.89     7.32     1.03          7.61          0.35          0.79 ^a^      1.08 ^b^      0.29          0.83   1.51   0.37

  **Cardiorespiratory measures**                                                                                                                                

  Laps (nº)                        13.7     1.00     15.2     1.32          15.6          1.33          1.51 ^b^      1.95 ^c^      0.45          1.27   1.63   0.33

  VO~2~ max (ml·min·kg-1)          40.4     1.60     43.5     3.29          44.9          3.01          3.13 ^a^      4.50 ^b^      1.37          1.17   1.91   0.44
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------

Data are mean ± SD. U14, between 13 and 14 years (*n* = 19); U16, between 15 and 16 years (*n* = 18); U18, between 17 and 18 years (*n* = 16). ES: Effect size; SJ: Squat jump; CMJ: Countermovement jump; ABK: Abalakov jump. Statistically significant differences by category: a = *p* \< 0.05; b = *p* \< 0.01; c = *p* \< 0.001.
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###### 

Matrix for correlation coefficients (r) showing the simple linear relationship between anthropometrical characteristics and the physical--physiological profile by category.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                   Handgrip\   Handgrip\   SJ\           SJ\         CMJ Height (cm)   CMJ Power\   ABK\          T-Test\      T-Test\            30 m\        30 m\              Yo-Yo IR1\   VO~2~ max\
                   Right\      Left\       Height (cm)   Power(W)                      (W)          Height (cm)   Time\        Velocity (m·s-1)   Time\        Velocity (m·s-1)   Laps\        (ml·min·kg-1)
                   (kg)        (kg)                                                                               (s)                             (s)                             (nº)         
  ---------------- ----------- ----------- ------------- ----------- ----------------- ------------ ------------- ------------ ------------------ ------------ ------------------ ------------ ---------------
  U14                                                                                                                                                                                          

  Height (m)       0.642 ^b^   0.563 ^b^   −0.091        0.839 ^b^   −0.110            0.832 ^b^    0.074         0.099        −0.072             −0.147       0.169              −0.318       −0.207

  Body mass (kg)   0.367       0.276       −0.585 ^b^    0.927 ^b^   −0.527 ^b^        0.953 ^b^    −0.465 ^b^    0.376 ^a^    −0.391 ^a^         0.405 ^a^    −0.396 ^a^         −0.663 ^b^   −0.596 ^b^

  BMI (kg·m2-1)    0.129       0.062       −0.684 ^b^    0.732 ^b^   −0.616 ^b^        0.782 ^b^    −0.612 ^b^    0.416 ^a^    −0.441 ^a^         0.592 ^b^    −0.599 ^b^         −0.718 ^b^   −0.703 ^b^

  Lean mass (kg)   0.749 ^b^   0.630 ^b^   −0.175        0.914 ^b^   −0.085            0.914 ^b^    0.019         0.035        −0.036             −0.115       0.136              −0.307       −0.231

  Fat mass (%)     −0.026      −0.076      −0.777 ^b^    0.703 ^b^   −0.767 ^b^        0.744 ^b^    −0.748 ^b^    0.526 ^b^    −0.548 ^b^         0.697 ^b^    −0.701 ^b^         −0.818 ^b^   −0.775 ^b^

  Arm span (cm)    0.032       0.086       −0.036        0.805 ^b^   −0.156            0.798 ^b^    −0.043        0.248        −0.230             0.132        −0.137             −0.237       −0.137

  U16                                                                                                                                                                                          

  Height (m)       0.784 ^b^   0.590 ^a^   −0.024        0.387       −0.080            0.388        −0.066        −0.411       0.411              −0.069       0.026              0.198        0.235

  Body mass (kg)   0.506       0.590 ^a^   −0.259        0.704 ^b^   −0.364            0.731 ^b^    −0.259        0.003        −0.005             0.154        −0.136             −0.363       −0.297

  BMI (kg·m2-1)    0.212       0.392       −0.288        0.626 ^b^   −0.376            0.656 ^b^    −0.277        0.190        −0.191             0.246        −0.194             −0.490       −0.433

  Lean mass (kg)   0.802 ^b^   0.815 ^b^   0.143         0.576 ^a^   0.040             0.574 ^a^    0.238         −0.364       0.369              −0.283       0.240              0.070        0.126

  Fat mass (%)     −0.065      0.075       −0.393        0.403       −0.447            0.432        −0.479        0.314        −0.323             0.659 ^a^    −0.571 ^a^         −0.466       −0.435

  Arm span (cm)    0.777 ^b^   0.609 ^a^   −0.020        0.520       −0.175            0.500        −0.064        −0.421       0.428              0.001        −0.031             0.093        0.154

  U18                                                                                                                                                                                          

  Height (m)       0.359       0.293       −0.027        0.226       0.016             0.314        0.084         −0.769 ^b^   0.777 ^b^          −0.022       0.004              0.293        0.407

  Body mass (kg)   0.410       0.640 ^a^   −0.239        0.433       −0.288            0.556 ^a^    −0.275        −0.259       0.238              0.411        −0.404             −0.260       −0.131

  BMI (kg·m2-1)    0.302       0.597 ^a^   −0.319        0.386       −0.399            0.486        −0.418        0.193        −0.220             0.550        −0.530             −0.484       −0.391

  Lean mass (kg)   0.472       0.673 ^a^   −0.003        0.417       −0.043            0.512        −0.030        −0.521       0.498              −0.021       0.017              −0.022       0.102

  Fat mass (%)     0.153       0.329       −0.469        0.293       −0.514            0.400        −0.524        0.266        −0.274             0.821 ^b^    −0.801 ^b^         −0.528       −0.449

  Arm span (cm)    0.247       0.247       −0.132        0.490       −0.116            0.604        −0.074        −0.601       0.606              0.055        −0.059             0.113        0.237

  ALL                                                                                                                                                                                          

  Height (m)       0.763 ^b^   0.697 ^b^   0.420 ^b^     0.720 ^b^   0.410 ^b^         0.742 ^b^    0.477 ^b^     −0.488 ^b^   0.541 ^b^          −0.539 ^b^   0.545 ^b^          0.367 ^b^    0.451 ^b^

  Body mass (kg)   0.493 ^b^   0.507 ^b^   −0.012        0.758 ^b^   −0.027            0.821 ^b^    0.025         −0.046       0.092              0.006        0.031              −0.184       −0.067

  BMI (kg·m2-1)    0.087       0.133       −0.339 ^b^    0.457 ^b^   −0.358 ^b^        0.532 ^b^    −0.332 ^b^    0.339 ^a^    −0.320 ^a^         0.411 ^b^    −0.368 ^b^         −0.524 ^b^   −0.430 ^b^

  Lean mass (kg)   0.849 ^b^   0.837 ^b^   0.483 ^b^     0.814 ^b^   0.484 ^b^         0.829 ^b^    0.547 ^b^     −0.570 ^b^   0.618 ^b^          −0.585 ^b^   0.598 ^b^          0.350 ^b^    0.430 ^b^

  Fat mass (%)     −0.260      −0.232      −0.587 ^b^    0.201       −0.617 ^b^        0.278 ^a^    −0.625 ^b^    0.564 ^b^    −0.554 ^b^         0.710 ^b^    −0.673 ^b^         −0.676 ^b^   −0.587 ^b^

  Arm span (cm)    0.329 ^a^   0.345 ^b^   0.225         0.719 ^b^   0.166             0.744 ^b^    0.208         −0.189       0.232              −0.204       0.217              0.301 ^a^    0.383 ^b^
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SJ: Squat jump; CMJ: Countermovement jump; ABK: Abalakov jump; BMI: body mass index. Matrix correlations are presented as correlation coefficients (r). a = statistically significant at *p* \< 0.05; b = statistically significant at *p* \< 0.001.
